Pain is a common problem in dentistry, including in orthodontic treatment. Approximately 90-95% of orthodontic patients experience some degree of pain. It is the most disturbing factor in treatment and is the main reason patients stop orthodontic treatment. 1 Orthodontic pain is caused by inflammation and ischemia 2 created by orthodontic force on the periodontal ligament. Where the orthodontic treatment creates a mechanical load, periodontal tissue will become inflamed and will create prostaglandins, a hormon-like substance which can cause pain. Prostaglandins are synthesized from hydronic acidic acid by cyclooxygenase (COX). 3 Pain in the early stages of fixed orthodontic appliance placement will likely occur and reach its peak within 24 hours after placement and will begin to decline by the third day. There is a potential difference in pain perception across age groups. A narrower age range could allow a more accurate assessment of the roles other factors play in pain reduction. Adolescents, especially those aged [13] [14] [15] [16] years, tend to experience higher levels of pain compared to pre-adolescents and adults. 4, 5 Acetaminophen as an analgesic drug is commonly used to manage the pain, but it can have adverse effects, such as hepatotoxicity. Acetaminophen has analgesic and antipyretic abilities, but does not produce an antiinflammatory effect. Acetaminophen works by inhibiting the synthesis of prostaglandins in the central nervous system, not in the peripheral tissue. 6 Acetaminophen has a minimal effect on inhibiting prostaglandins and minimal anti-inflammatory capacities. Acetaminophen does not inhibit orthodontic tooth movement and is therefore a popular drug of choice for reducing orthodontic pain. 7 Tea, from the plant Camellia sinensis, is consumed in different parts of the world as green, black, or Oolong tea. To produce green tea, freshly harvested leaves are immediately steamed to prevent fermentation, yielding a dry and stable product. This steaming process destroys the enzymes responsible for breaking down the colour pigments in the leaves and allows the tea to maintain its green colour during the subsequent rolling and drying processes. These processes preserve the natural micronutrients known as polyphenols, which have healthpromoting properties. 8 Green tea (Camellia sinensis L.) has been recommended to reduce orthodontic pain because it has anti-inflammatory and analgesic properties. Green tea also known as anti-diabetic, anti-mutagenic, anti-viral, and has anti-bacterial effect. Previous studies evidenced that green tea can reduce periodontal disease, dental caries, and the risk of having cardiovascular disease and neurodegenerative disorders. 8, 9, 10 Green tea is rich in polyphenols and catechins, which act as antioxidants. Catechins contained in antioxidant flavonoids such as epicatechin, epicatechin 3-gallate (ECG), and epigallocatechin 3-gallate (EGCG) are the major polyphenolic compounds in green tea. The high concentration of epigallocatechin 3-gallate (EGCG) found in green tea has the ability to inhibit the effects of COX-2, the enzym that produce prostaglandin. This is the reason of anti-inflamatory effect in green tea. 11 Other studies show that daily rinsing with green tea may be beneficial to control postoperative complications of impacted molar surgery, including pain. Green tea extract is said to effectively reduce postoperative pain because of its anti-inflammatory components. 12 One study that compared the effectiveness of green tea mouthwash and chlorhexidine (CHX) mouthwash in controlling the pain and trismus associated with acute pericoronitis showed that green tea may be beneficial in controlling the signs and symptoms related to acute pericoronitis, including pain and mouth opening limitations. 13 Gum chewing can also reduce orthodontic pain because the chewing movement stretches the periodontal ligament around the nerves and blood vessels, restoring blood circulation and lymphatic circulation in the periodontal ligament and thus preventing inflammation and edema, which will ultimately reduce pain. 3, 14, 15 When mild pressure is given, the pain felt by the patient may be reduced by repeated chewing (chewing sugarless gum or plastic wafers) for the first 8 hours after the orthodontic bracket is activated. Chewing gum works by temporarily shifting the teeth and allowing blood flow through the suppressed areas, thereby preventing the formation of metabolic products that stimulate pain receptors. Chewing gum can reduce ischemia and inflammation in the periodontal ligament. Vascular stimulation and lymphatic circulation can prevent metabolic products that stimulate pain receptors and can accelerate the movement of teeth in the event of resorption undermining. 16 Studies comparing the effects of chewing gum and taking ibuprofen in managing pain due to the placement of fixed orthodontic appliance show that patients in the chewing gum group have lower pain scores. 3, 15, 17 Studies show that chewing gum and gargling with green tea have minimal side effects and many other advantages. Therefore, it is important study whether chewing gum and gargling with green tea can replace taking acetaminophen in reducing orthodontic pain. The objective of this study is to determine whether there are differences between chewing gum, taking acetaminophen, and gargling green tea in reducing pain after fixed orthodontic appliance placement.
This study was approved by the Ethics Committee of the Faculty of Dentistry Trisakti University. All participants signed an informed consent after receiving full explanations about the procedures. The sample calculation was obtained by preliminary study and minimum sample size was 10 subjects per group. 18 This study method was a quasi-experiment with controlled randomized post treatment approach using 40 subjects. The subjects were consecutively selected based on inclusion criteria and exclusion criteria. Afterwards, the subjects were randomly assigned into four equal groups: a group assigned to chewing gum, a group assigned to take acetaminophen, a group assigned to gargle green tea, and a control group.
The inclusion criteria required participant who were 18-40 years old and patients at the orthodontic clinic at Naval Dental Institute R.E. Martadinata. The exclusion criteria were any patients who have a history of temporomandibular joint (TMJ) disorders or drug allergy; any patients with a tooth problem that could potentially cause pain (such as caries media or irreversible pulpitis); and any patients who have liver problems. Additionally, participants in the chewing gum group were examined for TMJ abnormalities and subjects in the acetaminophen group were questioned about their history of liver disorders.
Subjects in all groups were subjected to the same orthodontic procedures and given the same bracket, wire, and elastomeric ties. Following that, the subjects were immediately provided with the treatment corresponding their assigned group. In the chewing gum group, the patients were asked to chew a sugar-free chewing gum (Spearmint; The Wrigley Company) for 10 minutes starting 2 hours after appliance placement and at 8-hour intervals afterwards for a week. In the acetaminophen group, the subjects took a 500-mg acetaminophen tablet starting 2 hours after appliance placement and at 8-hour intervals afterwards for a week. In the green tea group, the subjects took a sachet of 10-g green tea (Research Agency of Spices and Herbal Medicine, Ministry of Agriculture), mixed with 200 mL of hot water, gargle for 10 minutes starting 2 hours after appliance placement and at 8-hour intervals afterwards for a week. Subjects without treatment was considered as control group.
The pain was measured by a visual analogue scale (VAS). The VAS allows respondents to express their pain experience through a range of values from painless to very painful. VAS uses a horizontal line with a length of 100 mm, with a scale numbered 1-10 (0 indicating no pain and 10 indicating unbearable pain) and a word descriptor at each end. The respondents were asked to mark the number indicating the amount of pain experienced. The VAS value was determined by observing the number chosen by the respondent. 19 The subjects were asked to complete a visual analog scale questionnaire at 2 hours and 6 hours after the appliance placement, at night before going to sleep on the day of appliance placement, 24 hours after appliance placement, and then daily at 8:00 PM each day after appliance placement for 7 days. After a week, the questionnaire was collected and analysed.
Pain scores were calculated using descriptive statistics at each time point for each treatment group. General linear models were used to examine VAS pain scores over time. This model was used to evaluate differences in treatment effects at specific time points. The Ryan Joiner test was used to determine the normality of the data. Since the distribution of the data was normal, a one-way ANOVA test was used to compare the reported pain among groups, and a Tukey HSD test was used to see difference between groups. Data were analysed using the Minitab statistical program for Windows 17.
The result showed that the VAS scores of the chewing gum group and acetaminophen group were lower than the scores of green tea group and the control group. A General Linear Model test showed that different groups experienced statistically significant differences in reported pain levels (p<0.05) ( Table 1) . Table 2 showed an increase in pain scores at 2 hours, 6 hours, and at the night after appliance placement. At 24 hours, there was a difference in the pain scores reported in the chewing gum group compared to the other three groups (p<0.05). The chewing gum group already experienced reduced pain at 24 hours after placement, while the other groups continued to report increases in pain, not experiencing a decrease in the pain until the second day.
A one-way ANOVA test showed significant differences in the pain levels reported by different groups (F=40.80; p<0.05). Multiple comparison Tukey HSD tests indicate that there was no significant difference (p>0.05) in the pain reported between the chewing gum and the acetaminophen groups. The amount of pain reported in the chewing gum and acetaminophen groups were significantly less than the amount of pain reported in the green tea and control groups (p<0.05). The Tukey HSD test results did not indicate a significant difference between the pain reported by the chewing gum and acetaminophen groups (p>0.05), which was consistent with the hypothesis and previous studies. 14, 20, 21 The pain scores at 24 hours after bracket placement in the chewing gum group was lower than the pain scores reported in the acetaminophen group. The results of this study indicate that there is an advantage to chewing gum compared to other modalities. These advantages include an earlier onset in reducing pain. Chewing gum relieves pain by temporarily moving the teeth and allowing blood flow through the suppressed areas, thereby preventing the formation of metabolic products that stimulate pain receptors. 16 Chewing gum after the orthodontic bracket placement can reduce ischemia and inflammation in the periodontal ligament. Vascular stimulation and lymphatic circulation can prevent the accumulation of metabolic products that stimulate pain receptors. 21 There was a statistically significant difference in the amount of pain reported by the chewing gum/ acetaminophen groups and the green tea and control groups (p<0.05). Gargling green tea did not reduce pain as well as taking acetaminophen or chewing gum. Although the pain scores in the green tea group were lower than the pain scores in the control group, the differences were not statistically significant. Several studies have indicated that green tea has antiinflammatory effects from the catechins. 12, 13 Pain caused by the inflammation in the process of orthodontic treatment may be reduced by gargling green tea. However, no study has been able to identify this pain relief outcome in orthodontic treatments.
Green tea decreases pain by reducing inflammation of the gums caused by trauma to the periodontal tissues, as exhibited in previous studies that use green tea as a rinse after the third molar surgery. 12, 13 In this study, green tea acts on compressed periodontal fibers from the mechanical loads, allowing continuous inflammation and prostaglandin expression in the long term which causes pain. This creates the difference in the amount of pain relief associated with green tea reported by post-operative patients and post-orthodontic bracket placement patients. 3 Another study evaluated the effects of green tea on post-operative pain in tibia surgery. In this study, green tea was orally administrated to allow alpha waves generation, an electrical activity in the brain which responsible for relaxation. L-Theanine is an amino acid found in green tea, which can increase alpha waves activity in the brain. A patient's relaxation in the healthcare setting could be a significant factor in alleviating post-surgical pain. However, the study showed that green tea was associated with diminishing post-operative anxiety, but not post-operative pain. 22 Further study is required to determine whether using green tea as a mouthwash can be useful for reducing pain following orthodontic treatment. The appropriate dose and methods for use need to be explored further.
It can be concluded that there is no significant difference in the amount of pain reduction reported by patients who chewed gum and patients who took acetaminophen in after fixed orthodontic appliance placement. However, patients who gargled with green tea after orthodontic appliance placement experienced significantly less pain reduction. Chewing gum is found to be effective in reducing orthodontic pain and is also a safer alternative than consuming acetaminophen, as chewing gum does not have side effects. Chewing gum can also improve the flow of saliva in the mouth, hence it may enhance the remineralization process, which can reduce the formation of white spots and reduce plaque. Further research on the use of green tea in orthodontic treatment process is needed in order to investigate its effectiveness. In daily orthodontic practice, the patient may be advised to chew gum to reduce pain after fixed orthodontic appliance placement with limited risk of side effects.
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